The primary spermatocytes of Drosophila virilis have been shown to undergo an approximate 300-fold increase in volume and to possess an abundance of ribo somes in the cytoplasm (Ito 1960) . These ribosomes are probably involved in the biosynthesis of the various materials needed for this tremendous volumetric increase. Olivieri and Olivieri (1965) have demonstrated that RNA synthesis occurs in sper matogonia and spermatocytes of D. melanogaster but that no post-meiotic synthesis of RNA occurs. Thus, any RNA present in the spermatids must have been synthe sized earlier in the spermatogenic cycle and retained in the cytoplasm. Using pyronin to demonstrate RNA, Daoust and Clermont (1955) reported a gradual in crease in cytoplasmic RNA in the early primary spermatocytes of the rat. This was followed by a decrease in RNA in the late primary spermatocyte stages, secon dary spermatocytes, and spermatids. This study was undertaken to describe the distribution of RNA in the germ cells of D. virilis during the spermatogenic cycle.
Materials

Results
The cytoplasm of the spermatogonia showed an intense basophilia when stained with azure B and appeared rather homogeneous (Fig. 1) . This intense cytoplasmic basophilia persisted throughout the growth stages of the primary spermatocytes (Fig. 2) . The cytoplasm of the mid-growth primary spermatocyte appeared more granular than that of the spermatogonium or youmg primary spermatocyte and continued to stain intensely (Fig. 3) . There appeared to be a slight decrease in the cytoplasmic basophilia of the more advanced growth stages (Fig. 4) . In ad dition, the cytoplasm of the advanced growth primary spermatocyte appeared more reticulated under the microscope than in the earlier stages. However, it appeared that the cytoplasm of the spermatogonia and the spermatocytes had a relatively high concentration of RNA.
As the spermatocytes underwent growth, the nucleolus exhibited changes in size, shape, location, and pattern of staining with azure B. The nucleolus of the spermatogonia and the early primary spermatocytes was spherical, centrally located, and stained intensely (Fig. 2) . A few small light areas were present in the nucleolus of these early spermatogenic stages. As growth of the spermatocytes continued, the nucleolus, which had moved to a position adjacent to the nuclear membrane, was found to be composed of a dark and a prominent light-staining area and was larger and more oval in shape than in the earlier stages. The dark basophilic area of the nucleolus was always located adjacent to the nuclear membrane (Fig. 3) . Small vacuoles may occur in the dark basophilic area of the nucleolus. In the advanced growth stage there was a decrease in the size and the intensity of staining of the nucleolus, and it once again assumed a spherical shape (Fig. 5 ). In addition, the nucleolus had a more vacuolated appearance and showed three regions of dif ferent staining intensity. The most basophilic area now appeared as dark-staining cords surrounded by lighter, less basophilic regions. Light, unstained regions were present within the lighter basophilic material of the nucleolus, giving it the vacuolated appearance. The nucleolus apparently fragmented during the latter stages of growth and was absent in diakinetic cells.
In the first meiotic division, the cytoplasm peripheral to the spindle region stained intensely, but the spindle, with the exception of the polar region, was rela tively devoid of stain (Fig. 6 ). However, there appeared to be a relatively high con centration of RNA in the astral region of the spindle, with the most intense baso philia occurring in telophase (Fig. 7) .
The interphase cell between the first and the second meiotic division showed an intense staining of the peripheral cytoplasm (Fig. 8) . A small amount of RNA appeared to lie immediately adjacent to the outer surface of the nuclear membrane. However, with the exception of this basophilia, the cytoplasm immediately sur rounding the nucleus was devoid of stain and lacking in RNA.
The second meiotic division figures showed a basophilia of the peripheral cyto plasm and a general lack of staining of the spindle region as was found in the first meiotic division (Fig. 8 ).
There was a decrease in the intensity of the cytoplasmic basophilia in the sper matid stages. The early spermatid presented a staining pattern similar to that found in the interphase cell (Fig. 9 ). The peripheral cytoplasm was basophilic, but the area immediately surrounding the nucleus was relatively devoid of stain. The cytoplasm surrounding the nucleus and the nebenkern in the nuclear growth and the linear growth spermatids coutinued to stain with azure B indicating the presence of RNA in the cytoplasm (Fig. 10) . The small amount of cytoplasm that remained associated with the axial filament spermatids contiued to show basophilia when stained with azure B and, therefore, were assumed to contain RNA (Fig. 11) .
The nucleolus of the spermatid was much smaller than that found in either the spermatogonium or the primary spermatocyte but stained with azure B and was, therefore, similar in chemical constitution to the nucleolus of these earlier stages. However, the nucleolus of the spermatid stained lighter than the nucleolus of the spermatogonium and the primary spermatocyte.
When the mature bundles were examined, no basophilia occurred in association with either the sperm head or tail, although the cytoplasm of the degenerating nutri tive cell may still bind some stain (Fig. 12 ). This indicated that RNA was absent from the mature sperm.
When the sections were treated with ten percent perchloric acid prior to stain ing for RNA with azure B, no cytoplasmic or nucleolar staining occurred in any spermatogenic cells. Since perchloric acid has been shown to selectively remove RNA under controlled conditions, it appeared that the cytoplasmic and the nucleolar basophilia observed in the spermatogenic cells was attributable to RNA.
Discussion
According to Brachet (1953) , there is a general correlation between the staining intensity with basic dyes and the RNA content of cells. Thus, the intense cyto plasmic basophilia observed in the spermatogenic cells of D. virilis corresponded to a high concentration of RNA within the cytoplasm.
According to the electron micrographs of Ito (1960) , the cytoplasm of the sper matogenic cells of D. virilis contained an abundance of ribosomes which were not associated with the endoplasmic reticulum. Tates (1971) also reported a high con centration of ribosomes within the spermatogenic cells of D. melanogaster. Most of the observed cytoplasmic basophilia in this study can, therefore, probably be at tributed to ribosomal RNA which is in association with the ribosomes that are extremely abundant within the cytoplasm of the spermatogenic cells.
The cytoplasmic basophilia was most intense in the spermatogonia and the early to mid-growth primary spermatocytes with a slight decrease in the staining intensity occurring during the late growth stages. Daoust and Clermont (1955) reported a similar decrease in staining intensity in the late primary spermatocytes of the rat. The observed decrease in cytoplasmic basophilia could result due to the decrease or cessation in RNA synthesis, a dilution effect resulting from the growth in volume of the primary spermatocyte, or a combination of both. According to the autoradiographic studies of Olivieri and Olivieri (1965) , RNA synthesis decreased gradually as the spermatocytes of D. melanogaster became older. Such a decrease in RNA synthesis could possibly account for some of the observed reduction in cyto plasmic basophilia in the advanced growth primary spermatocytes. According to Bohnag (1955) , the decrease in cytoplasmic basophilia in the oocytes of the milk weed bug Oncopeltus fasciatus resulted from the volumetric increase that occurred during growth of the oocytes rather than a reduction in total RNA content. Since the primary spermatocytes of D. virilis undergo an approximate 300-fold increase in volume (Ito 1960) , some of the decrease in cytoplasmic basophilia in the advanced growth primary spermatocytes may simply be a dilution resulting from the tre mendous increase in volume of the primary spermatocytes.
The decrease in the basophilia of the cytoplasm associated with the spermatids was slight but probably represented an actual decrease in the total RNA since Oli vieri and Olivieri (1965) have shown that no RNA synthesis occurs in the spermatid of D. melanogaster. The basophilia associated with the spermatid cytoplasm must, therefore, represent RNA that was synthesized earlier during the meiotic prophase stages and retained in the cytoplasm of the spermatid.
The basophilia of the meiotic division figures was associated mainly with the peripheral cytoplasm, and the spindle region was relatively devoid of stain. Ito (1960) , who used toluidine blue to demonstrate RNA, also reported a similar pattern of staining for the meiotic division figures of D. virilis. The morphological changes observed in the nucleolus of D. virilis during the growth of the primary spermatocytes have been reported in a number of organisms (Daoust and Clermont 1955 , Cowden 1961 , 1962 , Jacob and Sirlin 1963 , Esper 1965 , Gabrusewycz-Garcia and Kleinfield 1966 , Love and Walsh 1968 . Such morphological variations may reflect functional changes in the nucleolus during the growth of the spermatocytes. Vincent (1955) has indicated that the nucleolar hypertrophy observed in many cells is characteristic of cells engaged in active syn thesis. Brink (1968) has shown that the spermatogonia and growing spermatocytes of D. melanogaster are very active in protein synthesis. This period of active protein synthesis corresponded to the time during which enlargement of the nucleolus oc curred. Stockert and Esponda (1973) , using both cytochemical and ultrastructural techniques, showed that the dark basophilic area observed after staining the nucleolus of Drosophila with azure B corresponded to the pars granulosa of ultrastructural studies, whereas the lighter, less basophilic area formed the pars fibrosa.
The decrease in the basophilia of the nucleolus of the advanced growth primary spermatocyte probably represented a reduction in the concentration of nucleolar RNA. The reduction in size and increased vacuolation of the nucleolus are pro bably degenerative in nature, since nucleolar fragmentation has been shown to occur during the latter stages of growth (Metz 1926 , Cooper 1950 , Kaufmann and Gay 1963 . Similar degenerative changes have also been reported by Cowden (1961 Cowden ( , 1962 and Esper (1965) for the oocyte nucleolus of a number of organisms. Tates (1971) has reported that the nucleolus of the mature spermatocytes of D. melano gaster was fragmented and contained many cavities. These cavities observed with the electron microscope may correspond to the unstained regions observed with the light microscope.
The nucleolus of the spermatid was smaller and stained less intensely than the nucleolus of the spermatocytes as was reported by Daoust and Clermont (1955) for the rat. Autoradiographic studies with tritiated uridine have shown that, un like the nucleolus of the spermatocytes, the spermatid nucleolus of D. melanogaster does not synthesize RNA (Olivieri and Olivieri 1965) . However, the nucleolus of the spermatid appears to contain RNA as indicated by its staining with azure B in this study.
The absence of basophilia in association with the mature sperm indicated that the RNA was eliminated during sperm maturation, leaving only the DNA and its associated proteins in the mature sperm. No cytochemically detectable RNA has been found in the sperm of the rat (Daoust and Clermont 1955) , Parascaris equorum (Pasteels 1948) The nucleoli of the spermatids were much smaller than that of the meiotic prophase stages and stained less intensely.
